A search for genes regulated by the LlM/homeodomain transcription factor islet-1 during development identified the novel mouse gene punc (putative neuronal cell adhesion molecule). Punc is a member of the immunoglobulin superfamily, exhibits a novel configuration of four immunoglobulin domains and two fibronectin-type III repeats, and resembles proteins involved in axon guidance. Punc expression in the embryo occurs in restricted patterns in both the nervous system and limb mesoderm. A sharp decrease in punc expression after embryonic day 11.5 suggests a function for punc early in mouse embryogenesis.
Introduction
Transcription factors play key roles in orchestrating programs of gene expression as the basis for cell differentiation during development (Tanabe and Jessell, 1996) . Understanding how such programs generate cellular phenotypes therefore requires elucidating the target genes that are regulated by particular transcription factors. Focusing on motor neuron differentiation, I have set up a screen to identify target genes for the LIM/homeodomain transcription factor isl-1 (Fig. 1A) (Ericson et al., 1992) , which is essential for motor neuron development (Pfaff et al., 1996) .
Using overexpression of isl-1 in transgenic mice, mRNA differential display, and in situ hybridization, I have identified a novel mouse gene whose expression in the embryonic spinal cord was inversely correlated with the expression of isl-1 (Fig. 1B) . Sequence analysis of cDNA clones predicted a protein (Fig. 1E ) with a signal peptide, four immunoglobulin-like (lg) domains, two fibronectin-type III (FnIII) repeats, a transmembrane and a cytoplasmic domain. This organization (Fig. 1C) is reminiscent of cell adhesion molecules such as NCAM (Cunningham et al., 1987) , but constitutes a new subclass within the lg superfamily. Due to the predominantly neuronal expression, the new gene was designated punc, an acronym for putative neuronal cell adhesion molecule.
Punc is most similar to the Deleted in Colorectal Cancer gene DCC (Fearon et al., 1990) , with 41, 42, and 47% identity in the second, third and fourth lg domains, respectively (Fig. 1C,F) . However, the FnIII repeats and the cytoplasmic regions differed significantly. This suggested that both molecules may participate in similar extracellular interactions, but diverge concerning their signal transduction.
Northern blot and in situ hybridizations demonstrated that punc was expressed during mid-gestation, but not at later stages. A band of 5.2 kb was detected in RNA from embryos at days E9.5, E10.5 and E11.5 (Fig. 1D) . In situ hybridization (Fig. 2) showed that expression in the neuroectoderm precedes expression in the lateral plate mesoderm. Punc expression, e.g. in the neural tube, appears to be correlated with early cell proliferation. Associated with motor neuron differentiation, a drastic decrease of punc expression was observed. This could indicate that isl-1 may contribute to the downregulation of punc in motor neurons. However, after E11.5, punc mRNA was no longer detectable in any tissue, suggesting that transcriptional control of punc may involve additional factors. Onset, spatial pattern, and sharp downregulation of punc expression are consistent with a role in cell differentiation in various tissues of the embryo. 
Method
Differential display (manuscript in preparation), cDNA screening of a E10.5 library (GIBCO) and DNA sequencing (Sambrook et al., 1989) , and in situ hybridizations with digoxygenin-labeled riboprobes (Hogan et al., 1994) were , and limb buds (O,P) are negative, expression in diencephalon through rhombencephalon is restricted to the ventricular zone. Staining is still detectable in neural tube and dorsal root ganglia at lumbar levels (P). Motor neurons are already negative. Abbreviations: b1, first branchial arch; cm, cranial mesenchyme; di, diencephalon; ec, ectoderm; fl, fore limb; g, gut; h, heart; hl, hind limb; lpm, lateral plate mesoderm; m, mesoderm; mes, mesencephalon; nf, neural fold; nt, neural tube; pg. primitive groove; pm, paraxial mesoderm; pro, prosencephalon; r2, rhombomere 2; r3, rhombomere 3; rh, rhombencephalon; tel, telencephalon; V III , third ventricle; V IV , fourth ventricle. performed as described. A monoclonal antibody 39.4D5 (Tsuchida et al., 1994 ) against islet-1 was obtained from the Developmental Studies Hvbridoma Bank.
